Delonix regia (Bojer ex Hook.) Raf. (Fabaceae) is an umbrella-shaped tree reaching up to 40 feet high and with large red-orange flowers. Its leaves are alternate, bipinnately compounded, having 10 to 20 pairs of major leaflets and fruits are 30-50 cm long. It grows all over Bangladesh and has folkloric reputation as a medicinal agent. D. regia is used as a diuretic, anthelmintic and astringent (1, 2). It is also used in leucorrhoea. In this study, five compounds, lupeol (1), epilupeol (2), b-sitosterol (3), stigmasterol (4) and p-methoxybenzaldehyde (5) were isolated from the petroleum ether and dichloromethane fractions of a methanolic extract of the stem bark of Delonix regia. Antimicrobial screening of the different extracts (15 mg mm -2 ) was conducted by the disc diffusion method. The zones of inhibition demonstrated by the petroleum ether, carbon tetrachloride and dichloromethane fractions ranged from 9-14 mm, 11-13 mm and 9-20 mm, respectively, compared to kanamycin standard with the zone of inhibition of 20-25 mm. In brine shrimp lethality bioassay, the carbon tetrachloride soluble materials demonstrated the highest toxicity with LC 50 of 0.83 mg mL -1 , while petroleum ether and dichloromethane soluble partitionates of the methanolic extract revealed LC 50 of 14.94 and 3.29 mg mL -1 , respectively, in comparison with standard vincristine sulphate with LC 50 of 0.812 mg mL -1 . This is the first report on compounds separation from D. regia, their antimicrobial activity and cytotoxicity.
mutatochrome and pyruvic acid (3) . We herein report for the first time the isolation of lupeol (1), epilupeol (2) , b-sitosterol (3), stigmasterol (4) and p-methoxybenzaldehyde (5) from a methanolic extract of D. regia (Bojer ex Hook.) Raf. as well as preliminary antimicrobial and toxic activities of the various extractives.
EXPERIMENTAL

Instruments
1 H NMR spectra were recorded using a Bruker AMX-400 (400 MHz) instrument and the spectra were referenced to the residual non-deuterated solvent (CDCl 3 ) signals. Column chromatography (CC) was conducted over (Merck) (Germany) silica gel (Kiesel gel 60H, mesh 70-230 mm). Preparative TLC was carried out using normal-phase Si-gel 60 PF 254 (Merck) on glass plates (20´20 cm) of 0.5-mm thickness. Spots on TLC and preparative TLC plates were visualized under UV light (254 and 366 nm) after spraying with vanillin-sulfuric acid, followed by heating at 110°C for 5-10 minutes.
The air-dried and powdered stem bark (1.0 kg) of D. regia was soaked in 2.5 L of methanol for 10 days and then filtered through a cotton plug, followed by Whatman filter paper number 1. The extract was concentrated with a rotary evaporator. An aliquot of the concentrated methanolic extract was fractionated by the modified Kupchan partitioning method (4) into petroleum ether, carbon tetrachloride, dichloromethane and aqueous soluble fractions. In brief, the methanolic extract (5 g) was dissolved in 100 mL of 10 % aqueous methanol and extracted three times with 300 mL of petroleum ether. The polarity of the remaining aqueous-methanolic phase was then increased by adding 12.5 mL of water and extracted three times with 300 mL of carbontetrachloride. Finally, the remaining aqueous-methanolic phase was further increased in polarity by adding 16 mL of water and extracted three times with 300 mL of dichloromethane. Subsequent evaporation of solvents yielded petroleum ether (PE, 0.60 g), carbontetrachloride (CT, 1.50 g), dichloromethane (DM 1.50 g) and aqueous (AQ 1.10 g) soluble materials, respectively.
The petroleum ether and dichloromethane soluble partitionates were separately chromatographed over silica gel and the columns were eluted with petroleum ether followed by mixtures of petroleum ether and ethyl acetate in order of increasing polarities to yield 120 fractions of 18-20 mL each. Compound 1 (lupeol) was isolated as a colorless crystalline product from column fractions no. 24-28 eluted with 10 % ethyl acetate in petroleum ether. Preparative TLC (toluene/ethyl acetate 9 : 1) of the column fractions no. 41-46 afforded compound 3 (b-sitosterol) as amorphous powder. Similar column chromatographic separation of dichloromethane soluble materials eluted with 20 % ethyl acetate in petroleum ether afforded compound 2 (epilupeol) as white powder. Again, compounds 4 (stigmasterol) and 5 (p-methoxybenzaldehyde) were purified from column fractions no. 58-60 and 71-73 upon re-chromatography over slica gel (F 254 ) with 5 % and 10 % ethyl acetate in toluene, respectively.
Antimicrobial screening
The disc diffusion method (5) of the methanolic extract) were made by dissolving the samples in chloroform or methanol. Dried and sterilized filter paper discs (6 mm diameter) were then impregnated with known amounts of test substances using a micropipette and the residual solvents were completely evaporated. Discs containing test materials were placed on nutrient agar medium uniformly seeded with test microorganisms. Standard disc of kanamycin (1.06 mg mm -2 ) and blank discs (impregnated with solvents, followed by evaporation) were used as positive and negative controls, respectively. The plates were then kept at low temperature (4 o C) for 24 hours to allow maximum diffusion of test materials and kanamycin. The plates were finally incubated at 37°C for 24 hours to allow maximum growth of the organisms. The antimicrobial activity of the test agents was determined by measuring the diameter of the zone of inhibition expressed in mm. The experiment was carried out in triplicate, mean ± SD was recorded.
Brine shrimp lethality bioassay
Brine shrimp lethality bioassay (6) technique was applied for the determination of general toxicity of plant extractives. Following the procedure of Meyer et al. (7) , the lethality of the petroleum ether, carbon tetrachloride and dichloromethane soluble fractions of the methanolic extract was evaluated against brine shrimp, Artemia salina.
Preparation of the positive control group. -Vincristine sulphate (VS) was used as the positive control. Vincristine sulphate was dissolved in DMSO to get an initial concentration of 20 mg mL -1 , from which serial dilutions were made using DMSO, from 10 to 0.0390 mg mL -1 . The solutions were then added to pre-marked vials containing ten live brine shrimp nauplii in 5 mL of simulated seawater.
Preparation of the negative control group. -DMSO (100 mL) was added to each of the three pre-marked glass vials containing 5 mL of simulated seawater and 10 shrimp nauplii. If brine shrimps in the vials showed rapid mortality, then the test was considered invalid as the nauplii died from some reasons other than cytotoxicity of the compounds.
Preparation of test groups. -Each of the partitionates (4 mg) obtained by Kupchan fractionation was dissolved in DMSO and solutions of varying concentrations from 400 to 0.781 mg mL -1 were obtained by serial dilution. The solutions were then added to the pre-marked vials containing ten live brine shrimp nauplii in 5 mL of simulated seawater. Counting of nauplii. -After 24 hours, the vials were inspected using a magnifying glass and the number of survived nauplii in each vial was counted. From this data, the percent (%) of lethality of the brine shrimp nauplii was calculated for each concentration. The median lethal concentration (LC 50 ) of test samples was obtained by a plot the of percentage of shrimps killed against the logarithm of sample concentration. For each extract, three samples were prepared for each of the bioassays. LC 50 was calculated as mean ± SD (n = 3).
RESULTS AND DISCUSSION
Solvent-solvent partitioning, followed by repeated chromatographic separation and purification of the methanol extract of D. regia (Bojer ex Hook.) Raf., provided a total of five compounds (1-5) (Fig. 1) . The structures of isolated compounds were solved by extensive NMR data analysis. Diameters of the zone of inhibition are expressed as mean ± SD (n = 3). PE -petroleum ether soluble fraction of the methanolic extract, CT -carbon tetrachloride soluble fraction of the methanolic extract, DM -dichloromethane soluble fraction of the methanolic extract, KAN -standard kanamycin. A diameter of zone of the inhibition less than 8 mm was considered inactive.
tionally, thin layer chromatographic analysis of 3 and 4 with authentic samples of b-sitosterol and stigmasterol, respectively, also confirmed their identity. The 1 H NMR spectrum of compound 5 showed a sharp downfield singlet at d 9.63 ppm characteristic of an aldehyde group proton. It also showed two doublets (J = 8.8 Hz) centered at d 6.75 and 7.58 ppm (each 2H), which could be assigned to the ortho coupled aromatic protons at C-2 and C-6, C-3 and C-5, respectively. The singlet of three proton intensity at d 3.69 ppm was demonstrative of a methoxyl group proton. These 1 H NMR data suggested that the compound must be a p-disubstituted benzene, where one of the substituents was an aldehydic group and the other substituent was a methoxyl function. On this basis and by comparing these values with published data (12), compound 5 was characterized as p-methoxybenzaldehyde.
In antimicrobial screening, the petroleum ether, carbon tetrachloride and dichloromethane soluble fractions of the crude methanolic extract showed average zones of inhibition of 9-14, 11-13 and 9-20 mm, respectively, compared to standard kanamycin with zone of inhibitions of 20-25 mm; no inhibition was observed in the case of negative control (Table II) . The dichloromethane soluble fraction of the methanolic extract strongly inhibited the growth of S. paratyphi having the zone of inhibition of 20 mm. The growth of S. typhi (16 mm), S. aureus (14 mm) and S. dysenteriae (14 mm) was moderately inhibited. On the other hand, the petroleum ether and carbon tetrachloride soluble fractions of the methanolic extract moderately inhibited the growth of P. aeruginosa (14 mm) and S. paratyphi (13 mm), respectively. In case of fungi, the growth of S. cerevisiae (14 mm) was moderately inhibited by dichloromethane soluble materials. The petroleum ether soluble fraction inhibited the growth of C. albicans and S. cerevisiae having the zone of inhibition of 12 and 10 mm, respectively. Table III shows the results of brine shrimp lethality testing after 24 hours of exposure to the samples and the positive control, vincristine sulphate. The LC 50 values were found to be 0.83 and 0.81 mg mL -1 for CT and VS, respectively. The toxicity exhibited by the carbontetrachloride soluble fraction of the methanolic extract was comparable to that of the positive control (vincristine sulphate).
It is evident that the carbon tetrachloride soluble partitionate of the methanolic extract showed highest toxicity while the dichloromethane soluble fraction of the methanolic extract exhibited significant antimicrobial activity. LC 50 values are expressed as mean ± SD (n = 3). VS -vincristine sulphate (std.), PE -petroleum ether soluble fraction of the methanolic extract, CT -carbon tetrachloride soluble fraction of the methanolic extract, DM -dichloromethane soluble fraction of the methanolic extract.
CONCLUSIONS
Four triterpenes, lupeol (1), epilupeol (2), b-sitosterol (3) stigmasterol (4) and an aromatic compound p-methoxybenzaldehyde (5) were isolated from the stem bark of Delonix regia (Bojer ex Hook.) Raf. Extractives of the plant species revealed possible antimicrobial activity and general toxicity, which might indicate the presence of bioactive principles in the plant. Further investigation is required to explore its effects on various diseases.
